The 13 th Congress of the International Society of Developmental and Comparative
Immunology took place in Murcia Spain from June 28 to July 3, 2015 at the Victor Villegas auditorium and Convention Center. There were two or three parallel sessions during the Congress that covered a wide range of immunological topics that brought researchers together from around the world who work in different areas of immunology. The Congress included three plenary presentations, 12 oral sessions, two poster sessions, and a special symposium. Here we report on some of the talks and a few of the posters that were presented at the meeting.
Plenary Sessions
The meeting was opened by Pablo Pelegrín (Instituto Murciano de Investigación Biosanitaria, Spain) discussed inflammasomes as key regulators of the innate immune response. inflammasome include NLRP3, apoptosis-associated Speck-like protein with a caspase recruitment domain (ASC) that functions as an adaptor to link NLRP3 to pro-caspase-1. The assembly of multiple pro-caspase 1 proteins in the inflammasome results in activation followed by cleavage of pro-inflammatory cytokines and/or leads to a pro-inflammatory form of cell death called pyroptosis. Upon infection, tissue injury or stress the cell membrane is permeabilized and ATP is released. Macrophages express the purinergic P2X7 receptor that senses extracellular ATP, induces a decrease of intracellular K + , an increase in the production of reactive oxygen species (ROS). The resulting NLRP3 oligomerization and caspase1 activation releases IL-1, IL-18, in addition to cathepsins, alarmins (high mobility group B1 (HMGB1) proteins), thioredoxin, caspase-1, and prostaglandins from activated cells. ASC specks released during macrophage pyroptosis may be taken up by unstimulated macrophages that induce inflammation responses in these cells and trigger inflammatory ripples that perpetuate the inflammation. Gain-3 of-function NLRP3 mutations that constitutively oligomerize leads to ASC speck release, and are associated with cryopyrin-associated periodic syndromes (CAPS). CAPs patients have higher levels of ASC specks in their serum during infection compared to healthy individuals, which implies that ASC specks have potential to serve as diagnostic markers for CAPS or may be drug targets to treat these syndromes.
Gary Felton (Pennsylvania State University, USA) described herbivore gut symbionts that function at the intersection of insect and plant immunity. Herbivore/plant arms race was illustrated by saliva from a herbivore caterpillar, which was deposited onto the plant through a salivary spinneret located below the mouth and acts to suppress plant defenses. This was counteracted by the plant through detection of salivary cues to trigger plant immune responses.
Alternatively, beetle herbivores regurgitate microbial gut symbionts to distract the plant from responding to damage from the herbivore. To survive, plants must differentiate between microbes vs. herbivores to activate the correct signaling pathway leading to expression of either jasmonic acid (JA) or salicylic acid (SA) hormones that mount the proper immune response. JA coordinates defense against chewing herbivores, whereas SA is responsible for defense against microbes. Negative crosstalk between JA and SA signaling is essential for plants to focus or fine-tune their immune responses against the detected threat. The major component of caterpillar saliva is glucose oxidase, which induces an oxidative burst in plant cells, activates the SA pathway and blocks the JA pathway. Regurgitated gut symbionts from the beetle and their microbial associated molecular patterns (MAMPs) results in induction of SA and suppression of JA. Induction of the incorrect plant signaling pathway drives an ineffective plant response to the herbivores, which is to the advantage of the insects.
David Schneider (Stanford University, USA) described a model that maps a path taken by a host passing through a set of disease phases beginning with infection leading to resistance (ability to clear the pathogen without signs of illness), to initial discomfort and symptoms of sickness (pathogen tolerance), which leads to either recovery or death. The model was illustrated with fruit flies infected with Listeria monocytogenes to explain the microbe-pathogen behavior and fly immune response and health, all in the absence of a time parameter. Similar outcomes were obtained for mice and humans when tracing disease in which a host follows a looping path through a multidimensional disease space and either returns to health through a single or multiple loops or does not complete a loop indicating termination in death. By testing the infection and 4 recovery parameters as well as by observing the tolerance curve using the model in resistant patients may enable a prediction of the infection-disease-recovery-or-death path for a given a patient. The ability to display the disease space visually and to see how it can be changed or warped without a time parameter can be used as a tool to follow changes and improvements for recovery from infections.
Special Symposium; Deuterostome Invertebrate Immunology
Following the 12 th ISDCI Congress in Fukuoka Japan, a series of review papers on deuterostome invertebrate immunology were invited by L. Courtney Smith (George Washington University, USA) for publication in DCI (Buckley and Rast, 2015; Dishaw et al., 2014; Li et al., 2015; Pinsino and Matranga, 2015; Taketa and de Tomaso, 2015) . Some of those authors were able to participate in the symposium and present an overview of their research. Jonathan Rast (University of Toronto, Canada) described conserved and divergent elements that control deuterostome immune cell development. Immune cells are ubiquitous in bilateria, but how these cell types are related based on their homology remains unclear. Although molecular similarity is obvious in genes encoding regulatory proteins, differences among the receptor and effector systems among species and cell types can be drastic and is based on rapid evolution resulting from pathogen pressure. The optimal approach for understanding evolutionary relatedness among systems that regulate cell differentiation is likely to be found at the level of gene network circuitry within cells rather than the cell types themselves. Investigations of the gene regulatory network (GRN) that controls immune cell specification and differentiation in the sea urchin embryo and larva had enabled direct comparisons to the immune cells in the well-characterized vertebrate and insect systems. Transcriptional regulatory genes correlate with multipotency and share regulators with similar systems in early hematopoietic processes in vertebrates. Genes that regulate larval immune cell specification and differentiation in sea urchins are analogous to those in vertebrates and insects. The characterization of GRNs can be used to define deuterostome immune cell development.
Katherine Buckley (University of Toronto, Canada) described gut immunity in deuterostomes using a GRN approach in a simple larval infection model. that are involved in cell cycle control, therefore it appears that evolution may have led to different functions for genetically related miRNAs clusters. However replication of FV3 was unrelated to whether cells were starved or not. These results suggested that during times of starvation when cellular processes are either down-regulated or are limited, some viruses are still able to manipulate cellular machinery to ensure their propagation.
Host Microbe Interactions

Fish Models of Immunity and Inflammation
Most organisms rely solely on their innate immune systems to survive infections. Shawna Semple (University of Waterloo, Canada) described how family cohorts of rainbow trout (Oncorhynchus mykiss) could be used to develop a vaccine against infectious bacteria such as Flavobacterium psychrophilum. Some sets of full siblings were resistant and/or susceptible to bacterial challenge, and resistance was transferable to the next generation without negative effects on growth and development of the fish. When either resistant or susceptible siblings were challenged with F. psychrophillum, higher levels respiratory burst activity in head kidney leukocytes may be the crucial clearance mechanism for fish survival of bacterial coldwater disease (BCWD). Differences in immunological functions for resistant vs. susceptible trout may provide essential information for the development of future vaccines.
BCWD in young fish leads to high mortality and great economic losses for aquaculture.
There is no effective vaccine for BCWD, however Gregory Weins (United States Department of Agriculture, USA) focused on selectively breeding populations of rainbow trout that survive BCWD and understanding the pathophysiological mechanisms of survival. Fish tend to exhibit two primary defense strategies against bacterial infections, i) resistance, which is the ability of the host to block pathogen proliferation, and ii) tolerance, which is the host ability to limit the negative health impacts of a pathogen load. Selectively bred rainbow trout with high and low 15 survival against BCWD were stocked and evaluated in aquaculture settings. Farms stocked with high performing fish did not have an outbreak of BCWD, whereas about half of farms stocking the low performing fish had outbreaks. Preliminary analyses of markers for fish tolerance to bacterial load suggest that although this was not the basis of survival against BCWD, resistance was a heritable mechanism that enabled fish to combat effectively this bacterial infection.
Omics in comparative immunology
Next described a meta-analysis of data collected from 14 studies on the transcriptomes of several oyster species under both pathogen challenge and environmental stresses. The pattern that emerged from 586 genes that were either up-or down-regulated identified 12 discrete cellular processes regardless of whether responses were to bacterial or parasitic pathogens (viruses induced a different response) or to stress. Changes in gene expression were similar for outbred oysters and for those selected for pathogen resistance, and outcomes repeatedly pointed to the involvement of increased energy demand and oxidative stress. Results pointed to predictive markers for oysters that correlated with a 30% increased survival rate. In addition to the identification of stress response genes, this meta-analysis identified lineages of oysters that could be selectively bred to respond to or tolerate stress, suggesting they will also show increased resistance to microbial pathogens and parasites. This new information is expected to be important for the shellfish aquaculture community and for an economically important species of the food industry.
Pattern Recognition Receptors
Genes Immune priming that infers non-self recognition specificity in innate immunity is a relatively recent concept in the field of immunology, although its existence was assumed and evidence was sought during the 1970s and early 1980s. The notion of innate immune specificity lost favor in the mid 1980's, but has recently been resurrected as the concept of trained immunity. Tze Hann Ng (National Cheng Kung University, Taiwan) reported that DSCAM is a key molecule in specific immune memory in crayfish (Cherax quadricarinatus). Two versions of DSCAM are expressed in crayfish; cell surface membrane-bound forms and "tail-less" or secreted forms that are present in the hemolymph after pathogen challenge. The question addressed was whether pathogen challenge could drive the generation of different versions of DSCAM that were specific for binding to or providing immune protection from the inducing pathogen. DSCAM proteins were isolated from crayfish that survived for two months after infection with the White-spot syndrome virus (WSSV) and after re-challenge. DSCAM mRNA isolated from hemocytes after the first and second challenge showed that sequence diversity increased in the Ig2 and Ig3 variable exons of WSSV-induced DSCAM isoforms after the first challenge, but decreased after the second challenge to encode the "correct cloud" of exon usage.
The long-term crayfish survivors of the initial infection were those that spliced the correct DSCAM cloud of exons using an unidentified mechanism for protection against re-encountered WSSV. DSCAM proteins with the correct cloud of domains showed high WSSV binding ability and specific immune protection against WSSV. Although the binding specificity only lasted for two months, these results were an important step in the development of vaccines against WSSV.
Annelid species including earthworms use innate immunity for protection against both ingested and environmental pathogens, and employ Toll-like receptors (TLRs) that fall into two categories; the "vertebrate-like" (V-type) and "protostome-like" (P-type). Radka Roubalova (Academy of Sciences, Czech Republic) described the TLRs in the earthworm that included Vtype TLRs with a cysteine-rich N-terminus, substantial variability in the LRR sequences that followed, and a C-terminal leucine rich repeat motif. The P-type TLRs have LRRs that are interrupted with LRR-NT and LRR-CT motifs and had low sequence diversity. Both types of TLRs were induced by contact with Gram negative bacteria. The V-type TLRs showed highest expression in the intestine, protosome, gizzard, crop, and esophagus, whereas expression of the P-type TLRs was present in the anterior digestive tract and clitellum with highest expression in the cocoon and lowest in adults. The overall lack of variability of the P-type TLRs in the earthworm along with its decline in expression levels in adults suggested that the P-type TLRs may function more in development, while V-type TLRs may function in immunity.
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The lipopolysaccharide-binding protein ( TLRs remain a crucial aspect of both vertebrate and invertebrate innate immunity. In birds, the pattern of TLR evolution is critical for understanding avian immunogenetics and the ecology of infectious diseases. Michal Vinkler (Charles University, Czech Republic) reported on TLRs in the passerine and Galloanserae groups, which included TLR4 that recognizes complex ligands, TLR5 that binds flagellin, and TLR7 that detects ssRNA. These three TLRs were chosen for analysis because their ligands differ from homologues in fish and mammals. TLR4
and TLR5 had sequence variations among bird species with variant positions near the ligand binding sites. However, the significant sequence variability within TLR4 and TLR5 that Receptor-interacting serine/threonine kinase 2 (RIP2) is a CARD containing protein that functions in the signaling pathways of various PRRs. In mammals, RIP2 initiates a response generated by NOD1 and NOD2, however the functions of RIP2 in fish are relatively unexplored.
Jiasong Xie (University of Alberta, Canada) characterized RIP2 in goldfish that showed elevated gene expression in spleen, monocytes, and splenocytes. RIP2 function in monocytes could be inhibited by blocking the MAPK pathway and activated by live Mycobacterium marinum and several PAMPs. Co-immunoprecipitation identified interactions with both NOD1 and NOD2, whereas overexpression of RIP2 resulted in activation of the NFκB signaling pathway and production of TNF and IL-11. These results show that RIP2 has pivotal activities in goldfish immunity against M. marinum through its involvement in immune signaling pathways.
Lectins
Lectins that bind to carbohydrates on cell surfaces are implicated in commensalism, symbiosis, host-colonization, pathogen recognition and "subversion" of pathogen recognition by the immune system. There are a variety of structural folds in lectins that define their category; The implication is a complex regulatory mechanism may be involved in expression from this gene family.
Cheng Man Lun (George Washington University, USA) described some new aspects of the Sp185/333 protein functions, which share an overall structure of a glycine rich region and a histidine rich region, yet with significant sequence diversity. A recombinant Sp185/333 protein, rSp0032, showed saturable binding to V. diazotrophicus and Baker's yeast (but not to Bacillus species). rSp0032 also had binding specificity for LPS, ,1-3,glucan, and a non-glycosylated version of flagellin, but not for peptidoglycan. When the glycine rich and histidine rich regions were separated, they showed changes in activities and also bound to the Bacillus species.
rSp0032 was characterized as hydrophilic and intrinsically disordered but, in the presence of LPS, it transformed from disordered to α helical, and consequently was renamed rSpTransformer. Sp185/333 proteins are present on the surface of some coelomocytes, and preliminary work demonstrated that SpTransformer bound to phosphatidic acid (PA), a small phospholipid with a phosphate head group that is a minor lipid in cell membranes. Similar to responses to LPS, SpTransformer switches from disordered to  helical in the presence of PA.
When rSpTransformer was added to liposomes with PA, the outcome was liposome leakage, lysis, budding, fusion and invagination in addition to extraction of PA from liposomes. showed that neutrophils were capable of NET generation, that the NETs were composed of DNA, and that NET release was decreased by DPI, suggesting that NET production was dependent on NAPDH oxidase in fish as previously shown in mammals and invertebrates.
Valerie Smith (University of St Andrews, Scotland, UK) described NETs in the crab, Carcinus maenas, which were released from hemocytes in response to LPS or PMA, could be inhibited by DPI, and were decorated with histone H2A. NETs function as a scaffold to aggregate other hemocytes and act as an important mediator of encapsulation and clearance of microbes from the hemocoel of crabs.
The 13 th Congress of ISDCI came to a close after a week of exciting science and reports of new discoveries. Attendees had great fun and went home with new ideas, new collaborators, and new excitement for comparative immunology.
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